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INTRODUCTION
Obstructive sleep apnoea (OSA) is a disease characterised by at least five 10-s episodes of apnoea or overly shallow breathing (hypopnoea) per 1 h of sleep, accompanied by a decrease in the arterial blood oxygen saturation by 2-4%, with preserved or even intensified respiratory muscle movements. Hypopnoea is characterised by a decreased airflow in the airways by over 50% (compared to the 2-min period of stable respiratory rhythm) lasting over 10 s or leading to a blood saturation decrease by more than 4% [19] . OSA is diagnosed in 4% of men and 2% of women, in whom the disease develops later, usually after menopause. The disease occurs more frequently in men than in women due to anatomic differences: the longer airway and the related increased predisposition to pharyngeal collapse and greater neck fat deposition [15, 32] .
The severity of OSA is measured using the apnoea-hypopnoea index (AHI), which indicates the average number of apnoeas and hypopnoeas per 1 h of sleep [9, 21, 34] .
The aetiology of OSA is multi-factorial. The risk factors include obesity, anatomic and post-inflammatory upper airway abnormalities, inadequate sleep hygiene, as well as maxillary and mandibular hypoplasia [12] . The most common symptoms of OSA include: snoring, gasping or choking at night, frequent sleep pauses, impaired daytime concentration and attention, fatigue or non-restorative sleep [2, 5, 10, 33] .
Repeated apnoeas causing a decrease in saturation lead to severe systemic disorders, including life-threatening diseases, such as arterial and pulmonary hypertension, arrhythmias, metabolic disturbances and health consequences of sleepinessrelated traffic accidents [4, 6, 7, 13, 31] .
Patients with OSA are at higher risk of death; therefore, it is essential to thoroughly analyse OSA risk factors, including the characteristic features of the craniofacial structure. The determination of OSA-related, prognostic anatomic characteristics enables both earlier implementation of prophylactic measures, including education of high-risk patients, and causal treatment, instead of the presently given symptomatic one.
The aim of the present study was to assess the craniofacial structure in OSA patients against the normal values according to Hasund and Segner, and also against the normal upper and lower sagittal dimensions of upper airways according to McNamara. Moreover, the characteristic features of the bony structures in question were determined.
MATERIALS AND METHODS
Medical records of 41 patients with polysomnographically diagnosed OSA (AHI > 4) were analysed. The patients were referred to the Department of Jaw Orthodontics, Medical University of Lublin, Poland in the years 2003-2012 for orthodontic OSA treatment. The patients' records included data regarding age and gender, body mass index (BMI), polysomnographic findings (AHI) and lateral cephalograms with cephalometric analysis; the measurements of the upper and lower pharyngeal depth were marked on the cephalograms (Figs. 1, 2) .
The study group included 7 (17%) women and 34 (83%) men aged 38-74 years (the mean age was 57.6 years). The largest group, i.e., 75% of patients, were 50-65 years old. AHI was 9.1-80.6, on aver- The BMI of the examined patients was 24-41, on average 30.9. No patient was found with underweight; 3 (7%) patients had normal body weight. Other patients were overweight, including 22 (54%) patients classified as obese people. In this group, 2 people had a BMI above 40, which is categorised as extreme obesity people (grade III).
Cephalometric analysis was carried out according to Hasund's and Segner's guidelines (markings and measurements were performed by the same examiner). The results were compared with the cephalometric normal range determined by these researchers (Table 1 ) [28] . The dimensions of the upper and lower cross-sections of upper airways were measured using the McNamara method and compared with his normal values (Table 1) [17] .
Statistical analysis
The examined variables were quantitative. The following descriptive parameters were calculated: mean, standard deviation (SD), minimum and maximum value, median (Me) ( Table 2) . Relationships were tested with the Pearson's r correlation coefficient used to measure the relationship between two variables. The 5% risk of error was assumed. Calculations were performed using Statistica 8.0 software.
RESULTS
Apnoea-hypopnoea index for men ranged from 9.1 to 80.6, the mean AHI value was 32.56 ± 18.89, and in half of the men it did not exceed 27.95 (Me = 27.95). For women AHI ranged from 11.6 to 31.1, the mean AHI value was 22.23 ± 8.82, and in half of the female group it did not exceed 24.7 (Me = 24.7). The observed differences were not statistically significant (t-test with a grouping variable t = 1.40, df = 39, p = 0.17).
The comparison of facial skeleton measurements in OSA patients with the cephalometric normal values according to Segner and Hasund revealed that only the SNB angle, representing the anterior-posterior positioning of the mandible, statistically significantly differed from normal (p = 0.004). The remaining angles, i.e. SNA, ANB, NL/NSL, NL/ML and NSL/ML, were not significantly different from the cephalometric normal range. The distribution of cephalometric measurements in relation to the normal range is presented in Table 3 . The upper sagittal dimension of the upper airways ranged from 6 mm to 17 mm (10.4 mm, on average). The above measurement was lower than the norm by McNamara in almost all the patients (40-97.6%). In 1 patient, the measurement Abbreviation as in Table 1 was within the normal values. The lower sagittal dimension of the upper airways ranged from 5 mm to 19.5 mm (10.4 mm, on average) and was found to be lower than normal in the majority of patients (31-75.6%); in 2 patients this dimension was within the normal range, while in 8 patients it was higher than normal.
DISCUSSION
Obstructive sleep apnoea is a disease of multifactorial aetiology. In a vast majority of cases, it develops when several factors contributing to the upper airways collapse occur simultaneously. The tone of muscles involved in the maintenance of airway patency markedly decreases during sleep. The size of the nasopharyngeal lumen depends then, to a large degree, on the structure of pharyngeal tissues, facial skeleton and cross-sectional sizes of the upper airways. The factors reducing the cross-sectional area lead to the development of OSA. The above is confirmed by the reports on apnoea in patients with neoplastic tumours of the upper airways [11] , hypertrophied tonsils [29] , and macroglossia [8, 20] . The size of the upper airways cross-sectional area is also related to the craniofacial structure, which was demonstrated in earlier reports concerning narrowed cross-sections of the pharynx in patients with extreme micrognathia [27] . In our population of patients, the comparison of craniofacial structure with the normal values according to Hasund and Segner showed that the only characteristic that statistically significantly differed from the normal range was the SNB angle, describing the anterior-posterior location of the mandible. The SNB angle size is smaller in OSA patients with abnormal posterior positioning of the mandible, which increases a tendency to upper airway collapse. According to Rivlin et al. [26] , patients with OSA are characterised by abnormal positioning of the mandible, which correlates with AHI [14, 16, 18, 26] . The decreased sizes of the SNB angle in patients with OSA were also found by other authors [14] . Moreover, Lowe et al. [14] reported the decreased values of the SNA angle. Another characteristic of OSA patients is a reduced sagittal dimension of the upper airway. Compared with the normal values according to McNamara, 97.6% of our patients with OSA had reduced sagittal dimensions at the soft palate level, whereas 75.6% -at the tongue base level [18] . The reduced values of the sagittal dimensions of the upper airways were reported by many authors [3, [22] [23] [24] [25] 30] . Only Abu Allhaija et al. [1] did not find a correlation between the changes in the ANB angle dimensions and anterior-posterior dimensions of the upper airway. 
